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Translation of Column 1. line 1 to Column 4. line 4 
[Claims] 
15 [Claim 1] 

A multilayered optical disk in which a recording part is formed by 
laminating not less than two information recording layers on a transparent 
substrate on which recesses and projections are formed, with a transparent 
layer being interposed between the information recording layers, wherein at 
20 least a first information recording layer is made of a phase changing 

material as a recording material, the first information recording layer being 
closest to the transparent substrate. 
[Claim 2] 

The multilayered optical disk according to claim 1, wherein 
25 information signals are recorded according to phase changing between a 

crystalline state and an amorphous state of the phase changing material in 
the information recoding layer made of the phase changing material as the 
recording material. 
[Claim 3] 

30 The multilayered optical disk according to claim 2, wherein the 

phase changing material that forms the information recording layer has a 
melting point of not higher than 700 C°. 
[Claim 4] 

The multilayered optical disk according to claim 2, wherein the 
35 phase changing material that forms the information recording layer has a 
crystallizing point of not lower than 150 C°. 
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[Claim 5] 

The multilayered optical disk according to claim 2, wherein the 
phase changing material that forms the information recording layer has a 
crystallizing rate of not higher than 500 nsec. 
5 [Claim 6] 

The multilayered optical disk according to claim 2, wherein the 
phase changing material forming the information recording layer contains 
at least one of Au, Al, Ag, Bi, Cu, Cr, Co, Cd, Ce, Cs, Dy, Fe, Ge, Gd, Ga, Hf, 
In, K, La, Li, Mn, Mo, Ni, Nb, Nd, Na, Os, Pd, Pr, Pb, Ru, Rh, Rb, Sn, Sb, Si, 
10 Sm, Sc, Se, Te, Ti, Tb, Ta, Ti, V, W, Y, Zn, and Zr. 
[Claim 7] 

The multilayered optical disk according to claim 6, wherein the 
phase changing material that forms the information recording layer is 
Se based chalcogenide, Si-added Sebased chalcogenide or TeO x . 
15 [Claim 8] 

The multilayered optical disk according to claim 2, wherein the 
recording part is composed of two information recording layers made of 
phase changing materials as recording materials, one of the two information 
recording layers being the first information recording layer closest to the 
20 transparent substrate, and the other being a second information recording 
layer. 
[Claim 9] 

The multilayered optical disk according to claim 8, wherein the 
phase changing material forming the first information recording layer has a 
25 reflectance of not less than 10 % in the crystalline state, and a light 
transmittance of not less than 40 % in the crystalline state and the 
amorphous state. 
[Claim 101 

The multilayered optical disk according to claim 8, wherein the 
30 phase changing material forming the second information recording layer has 
a reflectance of not less than 30 % in the crystalline state, and a light 
absorptance of not less than 60 % in the crystalline state and the amorphous 
state. 
[Claim 11] 

35 The multilayered optical disk according to claim 8, wherein: 

the phase changing material forming the first information recording 



layer has a rate of the reflectances in the crystalline state and in the 
amorphous state of not less than 1.5; and 

the phase changing material forming the second information 
recording layer has a rate of the reflectances in the crystalline state and in 
5 the amorphous state of not less than 1.5. 
[Claim 12] 

The multilayered optical disk according to claim 8, wherein an index 
of refraction nci and an extinction coefficient kci in the crystalline state of 
the phase changing material forming the first information recording layer 
10 satisfy nci < 8.0 and kci < 5.0, respectively. 
[Claim 13] 

The multilayered optical disk according to claim 8, wherein an index 
of refraction nai and an extinction coefficient kai in the amorphous state of 
the phase changing material forming the first information recording layer 
15 satisfy nai < 7.0 and kai < 4.0, respectively. 
[Claim 14] 

The multilayered optical disk according to claim 8, wherein an index 
of refraction nci and an extinction coefficient kci in the crystalline state and 
an index of refraction nai and an extinction coefficient kai in the amorphous 
20 state of the phase changing material forming the first information recording 
layer satisfy: 

l/5 (nci/nai) + (kci/kai) < 10; or 
(nci/nai) + l/5*(kci/kai) < 10. 
[Claim 15] 

25 The multilayered optical disk according to claim 8, wherein an index 

of refraction nc2 and an extinction coefficient kc2 in the crystalline state of 
the phase changing material forming the second information recording layer 
satisfy 1.0 < nc2 < 8.0 and 1.0 < kc2 < 7.0, respectively. 
[Claim 16] 

30 The multilayered optical disk according to claim 8, wherein an index 

of refraction na2 and an extinction coefficient ka2 in the amorphous state of 
the phase changing material forming the second information recording layer 
satisfy 1.0 < na2 < 7.0 and kc2 < 5.0, respectively. 
[Claim 17] 

35 The multilayered optical disk according to claim 8, wherein an index 

of refraction nc2 and an extinction coefficient kc2 in the crystalline state and 



an index of refraction na2 and an extinction coefficient ka2 in the amorphous 
state of the phase changing material forming the second information 
recording layer satisfy (nc2/na2) + (kc2/ka2) < 4. 
[Claim 18] 

5 The multilayered optical disk according to claim 1, wherein a 

topmost layer of the recording part is a reflection film. 
[Claim 19] 

The multilayered optical disk according to claim 1, wherein the 
information recording layer made of a phase changing material as a 
10 recording material is composed of a first dielectric protective film, a phase 
changing material film, and a second dielectric protective film that are 
laminated in the stated order. 
[Claim 20] 

The multilayered optical disk according to claim 19, wherein the 
15 dielectric protective film has a thermal conductivity of not less than 0. 1 
J/sec cm-K. 
[Claim 21] 

The multilayered optical disk according to claim 19, wherein a 
topmost layer of the recording part is a reflection film. 
20 [Claim 22] 

The multilayered optical disk according to claim 1, wherein the 
information recording layer made of a phase changing material as a 
recording material is made of a first dielectric protective film, a phase 
changing material film, a second dielectric protective film and a third 
25 dielectric protective film that are laminated in the stated order. 
[Claim 23] 

The multilayered optical disk according to claim 22, wherein the 
third dielectric protective film has a thermal conductivity of not less than 
0.1 J/seccm-K. 
30 [Claim 24] 

The multilayered optical disk according to claim 1, wherein : 
each of the information recording layers made of phase changing 
materials as recording materials, except for the topmost layer of the 
recording part, is composed of a first dielectric protective film, a phase 
35 changing material film, a second dielectric protective film, and a third 
dielectric protective film that are laminated in the stated order; and 



the topmost information recording layer is composed of a first 
dielectric protective film , a phase changing material film, a second dielectric 
protective film, and a reflection film that are laminated in the stated order. 
[Claim 25] 

5 The multilayered optical disk according to claim 19, wherein the 

third dielectric protective film has a thermal conductivity of not less than 
0.1 J/seccm-K. 
[Claim 26] 

The multilayered optical disk according to claim 19, wherein : 
10 the recording part is composed of two information recording layers, 

one being the first information recording layer closest to the substrate and 
the other being a second information recording layer, each information 
recording layer being composed of a first dielectric protective film, a phase 
changing material film, and a second dielectric protective film; and 
15 in the first information recording layer, the first dielectric protective 

film has a thickness of 100 nm to 200 nm, the phase changing material film 
has a thickness of 10 nm to 30 nm, and the second dielectric protective film 
has a thickness of 100 nm to 200 nm. 
[Claim 27] 

20 The multilayered optical disk according to claim 26, wherein, in the 

second information recording layer, the first dielectric protective film has a 
thickness of 80 nm to 200 nm, the phase changing material film has a 
thickness of 10 nm to 30 nm, and the second dielectric protective film has a 
thickness of 10 nm to 30 nm. 
25 [Claim 28] 

The multilayered optical disk according to claim 1, wherein: 
information signals are recorded in the first information recording 
layer in the write-once form, or in the rewritable form; and 

information signals are recorded in the second information recording 
30 layer in the read-only form, the write-once form, or the rewritable form. 
[Claim 29] 

The multilayered optical disk according to claim 28, wherein the 
second information recording layer is made of any one of a magneto-optical 
recording material, a phase changing material, and an organic coloring 
35 material. 

[Claim 30] 



The multilayered optical disk according to claim 28, wherein the 
recording part is composed of two information recording layers, and 
information signals are recorded in the first information recording layer in 
the write -once form. 
5 [Claim 31] 

The multilayered optical disk according to claim 30, wherein a film 
made of a phase changing material to form the first information recording 
layer is in the amorphous state, and information signals are recorded with 
the phase change from the amorphous state to the crystalline state of the 
10 phase changing material. 
[Claim 32] 

A recording-reproducing device comprising a multilayered optical 
disk having not less than two information recording layers, an irradiating 
system composed of a light source for emitting a laser beam and an objective 
15 lens, and a light receiving system made of photodiodes, wherein ^ 

recording/reproduction of information signals is carried out with 
respect to each of the information recording layers independently by shifting 
and controlling the objective lens at multiple levels in an optical axis 
direction so that the laser beam is focused to each of the information 
20 recording layers of the multilayered optical disk. 

Translation of Column 5. line 30 to Column 6. line 14 
[0012] 

From the foregoing viewpoints, the information recording layer that 
25 has been used in a multilayered optical disk has a relatively high light 

absorptance, and a quantity of light of a laser beam significantly decreases 
when passing therethrough. Therefore, it is difficult to obtain an 
irradiating light intensity and a reflected fight intensity at the second 
information recording layer, and the information recording layers located 
30 farther from the substrate than the second information recording layer, and 
hence, a sufficient reproduction output is not obtained. 
[0013] 

Therefore, the present invention is made in light of the prior art as 
described above, and it is an object of the present invention to provide a 
35 multilayered optical disk and a recording-reproducing device with which 

sufficient output power can be obtained from an information recording layer 



second closest to the substrate or those farther from the substrate than that. 
[0014] 

[Means for solving problems] 

To achieve the foregoing object, the multilayered optical disk of the 
5 present invention is a multilayered optical disk in which a recording part is 
formed by laminating not less than two information recording layers on a 
transparent substrate on which recesses and projections are formed, with a 
transparent layer being interposed between the information recording 
layers. At least a first information recording layer, closest to the 
10 transparent substrate, is made of a phase changing material as a recording 
material. 
[00151 

Since a phase changing material generally has a high light 
transmittance, the use of the phase changing material in the first 

15 information recording layer suppresses the attenuation of light when 
passing through the first information recording layer. Therefore, this 
allows light to enter the information recording layer laminated thereon 
while having a sufficient intensity, and also allows light reflected from the 
foregoing information recording layer to be received while having a 

20 sufficient intensity. As a result, sufficient reproduction signal amplitudes 
can be obtained from the second information recording layer and the farther 
ones, let alone the first information recording layer. 
[0016] 

The recording and/or reproduction of information signals to each 
25 information recording layer of such a multilayered optical disk is carried out 
by a recording-reproducing device including an irradiating system composed 
of a light source for emitting a laser beam and an objective lens, and a light 
receiving system made of photodiodes, wherein information signals are 
recorded and/or reproduced with respect to each of the information 
30 recording layers by shifting and controlling the objective lens at multiple 

levels in an optical axis direction so that the laser beam is focused to each of 
the information recording layers of the multilayered optical disk. 



35 



Translation of Column 13. line 30 to Column 21. line 6 



[0069] 

The following description will depict the experiment results of 



specific examples of the present invention. 

[00701 
Example 1 

A multilayered optical disk produced according to the present 
5 example is shown in FIG. 4. 
[0071] 

The multilayered optical disk is formed by providing, on a 
transparent substrate 1, a recording part 5 composed of a first information 
recording layer 2, a transparent layer 3, and a second information recording 

10 layer 4, and further providing a protective film 6 on the recording part 5. 
The first information recording layer 2 is composed of three films that are a 
first dielectric protective film 7, a first phase changing material film 8, and 
a second dielectric protective film 9. The second information recording 
layer 4 is composed of four layers that are a third dielectric protective film 

15 10, a second phase changing material fil™ 11, a fourth dielectric protective 
film 12, and a reflection film 13. In the multilayered optical disk, 
information signals are recorded in the rewritable form in the first and 
second information recording layers 2 and 4. A multilayered optical disk 
thus configured was produced in the following manner. 

20 [0072] 

A polycarbonate substrate 1 on whose disk surface a groove (guide 
groove) la was formed was prepared. 
[0073] 

Then, on the surface of the polycarbonate substrate 1 on which the 
25 groove la was formed, the first dielectric protective film 7 made of a 
ZnS-Si02 mixture, the first phase changing material film 8 made of an 
Sb2Se3 binary alloy, and the second dielectric protective film 9 made of a 
ZnS"Si02 mixture were formed successively, so that the first information 
recording layer 2 was formed. 
30 [0074] 

It should be noted that the thicknesses of layers composing the first 
information recording layer were as follows. 
[0075] 

Thicknesses of the layers composing the first information recording 
35 layer were: 

the first dielectric protective film - 130 nm 



the first phase changing material film - 20 run 
the second dielectric protective film : 100 nm 

Furthermore, the optical constants of the layers composing the first 
information recording layer with respect to a wavelength of 780 nm were as 
5 follows. 
[0076] 

Optical constants of a phase changing material film (Sb2Se3) of the 
first information recording layer were: 
in the crystalline stated 
10 index of refraction nci ; 4.45 

extinction coefficient kci '> 0.82 
in the amorphous stated 

index of refraction nai ; 3.96 
extinction coefficient kai \ 0.38 
15 Therefore, the following was satisfied. 

l/5 (nci/nai) + (kci/kai) = 2.4 (< 10) 
(nci/nai) + l/5-(kci/kai) = 1.6 (< 10) 

[0077] 

Next, the transparent layer 3 having patterns of projections and 
20 recesses was formed by the photopolymer (2P) method on the first 

information recording layer thus formed. It should be noted that the 
transparent layer had a thickness of 100 |im. 
[0078] 

Subsequently, on the transparent layer 3, the third dielectric 
25 protective film 10 made of a ZnS-SiC>2 mixture, the second phase changing 
material film 11 made of a Ge2Sb2Tes ternary alloy, the fourth dielectric 
protective film 12 made of a ZnS~Si02 mixture, and the reflection film 13 
made of Al were formed successively, so that the second information 
recording layer 4 was formed. 
30 [0079] 

It should be noted that the thicknesses of layers composing the 
second information recording layer 4 were as follows. 
[0080] 

Thicknesses of the layers composing the second information 
35 recording layer were* 

the third dielectric protective film * 130 nm 



the second phase changing material film - 22 nm 
the fourth dielectric protective film : 12 nm 
the reflection film ; 150 nm 

Furthermore, the optical constants of the layers composing the 
5 second information recording layer with respect to a wavelength of 780 nm 
were as follows. 
[0081] 

Optical constants of a phase changing material film (Ge2Sb2Tes) of 
the second information recording layer were^ 
10 in the crystalline state: 

index of refraction nc2 J 5.2 
extinction coefficient kc2 ; 3.97 
in the amorphous state : 

index of refraction na2 5 4.4 
15 extinction coefficient ka2 1 1.45 

Therefore, (nc2/na2) + (kc2/ka2) = 3.9 (< 4) was satisfied. 
[0082] 

Finally, by providing an ultraviolet-hardening resin on the second 
information recording layer by spin-coating, the protective film 6 with a 
20 thickness of 7 \im was formed. Thus, the multilayered optical disk was 
produced. 
[0083] 

In the multilayered optical disk thus formed, since the phase 
changing material film was formed in the amorphous state, it was converted 

25 into the crystalline state by irradiating the entire surface of the phase 

changing material film with a laser beam (initialization). Then, recording 
pits were formed with respect to each of the phase changing material films 
thus formed, and optical characteristics of a portion where the recording pit 
was formed and a portion where the recording pit was not formed were 

30 determined with respect to a laser beam having a wavelength of 780 nm. 
In the present case, the recording pit was formed by converging a laser 
beam so as to heat the phase changing material film locally to over a 
melting point thereof, and thereafter, cooling the same, so that the material 
was converted to the amorphous state. Therefore, the portion where the 

35 recording pit was formed was a portion where the phase transition to the 

amorphous state occurred, while the portion where the recording pit was not 



formed was a portion where the crystalline state was maintained. 
[0084] 

The optical characteristics of the first and second information 
recording layers determined using an optical system shown in FIG. 3 are 
5 shown below. The reflectances, light absorptances, and light 

transmittances shown below are values when the respective intensities of 
light when entering the information recording layers (in the case of the 
second information recording layer, light that have passed through the first 
information recording layer and enters the second information recording 
10 layer) are assumed to be 100%. 
[0085] 

The optical characteristics of the first information recording layer 

were- 

in the crystalline portion : 
15 reflectance Rci ; 12.2 % 

light absorptance Aci ; 25.2 % 
light transmittance Tci ; 62.6 % 
in the amorphous portion: 

reflectance Rai ; 6.0 % 
20 light absorptance Aai; 13.6 % 

light transmittance Tai ; 80.4 % 
The optical characteristics of the second information recording layer 

were: 

in the crystalline portion 
25 reflectance Rc 2 5 29.7 % 

light absorptance Ac2 i 66.6 % 
in the amorphous portion^ 

reflectance Ra2 I 5.7 % 
light absorptance Aa 2 ; 78.6 
30 Thus, in the multilayered optical disk, the first information 

recording layer had a high light transmittance. Therefore, it is possible to 
allow fight having passed through the first information recording layer to 
enter the second information recording layer with a sufficient intensity. 
Furthermore, in both of the first and second information recording layers, 
35 high reflectances were obtained. Besides, a high rate of reflectances was 
obtained from the crystalline and amorphous portions, and this high rate of 



reflectances allowed recording pits to be detected accurately. Therefore, 
excellent recording/reproduction characteristics could be obtained. 
[0086] 

In the foregoing example, the first and second information recording 
5 layers both were rewritable, but in the case where in a multilayered optical 
disk formed so as to have the same layer configuration, the first information 
recording layer was made write-once and the second information recording 
layer was made rewritable, the same optical characteristics as those in the 
case where the both were rewritable were obtained, and excellent 

10 recording/reproduction characteristics were obtained. It should be noted 
that the recording pits may be formed by converting the information 
recording layer used for write-once by the initializing operation once, then 
causing a phase transition into the amorphous state locally. Alternatively, 
the recording pits may be formed by locally causing a phase transition into 

15 the crystalline state to the phase changing material, without carrying out 
the initializing operation. In the latter case, an advantage of omitting the 
initializing operation can be achieved. 

[0087] 
Example 2 

20 A configuration of a multilayered optical disk produced in the 

present example is shown in FIG. 5. The multilayered optical disk is 
formed by providing, on a transparent substrate 14, a recording part 43 
composed of a first information recording layer 15, a transparent layer 16, 
and a second information recording layer 17, a transparent layer 18, and a 

25 third information recording layer 19, and further providing a protective film 
20 on the recording part 43. The first information recording layer 15 is 
composed of three films that are a first dielectric protective film 2 1, a first 
phase changing material film 22, and a second dielectric protective film 23. 
The second information recording layer 17 is composed of three layers that 

30 are a third dielectric protective film 24, a second phase changing material 
film 25, and a fourth dielectric protective film 26. The third information 
recording layer 19 is composed of four layers that are a fifth dielectric 
protective film 27, a third phase changing material film 28, a sixth dielectric 
protective film 29, and a reflection film 30. In the multilayered optical disk, 

35 information signals are recorded in the rewritable form in the first, second, 
and third information recording layers 15, 17, and 19. A multilayered 



optical disk thus configured was produced in the following manner. 
[0088] 

A polycarbonate substrate 14 on whose disk surface a groove (guide 
groove) 14a was formed was prepared. 
5 [0089] 

Then, on the surface of the polycarbonate substrate 14 on which the 
groove 14a was formed, the first dielectric protective film 2 1 made of a 
ZnS Si02 mixture, the first phase changing material film 22 made of an 
Sb2Se3 binary alloy, and the second dielectric protective film 23 made of a 
10 ZnS Si02 mixture were formed successively, so that the first information 
recording layer 15 was formed. 
[0090] 

It should be noted that the thicknesses of layers composing the first 
information recording layer 15 were as follows. 
15 [0091] 

Thicknesses of the layers composing the first information recording 
layer were: 

the first dielectric protective film - 130 nm 
the first phase changing material film : 20 nm 
20 the second dielectric protective film : 100 nm 

Furthermore, the optical constants of the layers composing the first 
information recording layer with respect to a wavelength of 780 nm were as 
follows. 
[0092] 

25 Optical constants of a phase changing material film (Sb2Se3) of the 

first information recording layer were: 
in the crystalline state: 

index of refraction nci ; 4.45 
extinction coefficient kci ; 0.82 
30 in the amorphous state : 

index of refraction nai ; 3.96 
extinction coefficient kai ; 0.38 
Therefore, the following was satisfied. 

1/5 (nci/nai) + (kci/kai) = 2.4 (< 10) 
35 (nci/nai) + l/5-(kci/kai) = 1.6 (< 10) 

[0093] 



Next, the transparent layer 16 having patterns of projections and 
recesses was formed by the photopolymer (2P) method on the first 
information recording layer thus formed. It should be noted that the 
transparent layer had a thickness of 100 (am. 
5 [0094] 

Then, on the foregoing transparent layer 16, the second information 
layer 17 was formed with the same materials in the same film thickness 
configuration. 
[0095] 

10 Subsequently, the transparent layer 18 having patterns of 

projections and recesses was formed by the photopolymer method thereon, 
so as to have a thickness of 100 |im. Furthermore, on the transparent layer 
18, the fifth dielectric protective film 27 made of a ZnSSi02 mixture, the 
third phase changing material film 28 made of a Ge2Sb2Tes ternary alloy, 

15 the sixth dielectric protective film 29 made of a ZnS-Si02 mixture, and the 
reflection film 30 made of Al were formed successively, so that the third 
information recording layer 19 was formed. 
[0096] 

It should be noted that the thicknesses of layers composing the third 
20 information recording layer 19 were as follows. 
[0097] 

Thicknesses of the layers composing the third information recording 
layer were: 

the fifth dielectric protective film 200 nm 
25 the third phase changing material film ' 24 nm 

the sixth dielectric protective film - 30 nm 
the reflection film \ 150 nm 

Furthermore, the optical constants of the layers composing the third 
information recording layer with respect to a wavelength of 780 nm were as 
30 follows. 
[0098] 

Optical constants of a phase changing material film (Ge2Sb2Te5) of 
the second information recording layer were: 
in the crystalline state : 
35 index of refraction nc3 I 5.2 

extinction coefficient kc3 '> 3.97 



in the amorphous stated 

index of refraction na3 1 4.4 

extinction coefficient ka3 > 1.45 
Therefore, (nc3/naa) + (kc3/ka3) = 3.9 (< 4) was satisfied. 
5 [0099] 

Finally, by providing an ultraviolet-hardening resin on the third 
information recording layer 19 by spin-coating, the protective film 20 with a 
thickness of 7 [im was formed. Thus, the multilayered optical disk was 
produced. 
10 [0100] 

An initializing operation was applied to the multilayered optical disk 
thus formed, using the same optical system used in Example 1, and 
thereafter, recording pits were formed. Then, recording pits were formed 
with respect to each of the phase changing material films thus formed, and 

15 optical characteristics of a portion where the recording pit was formed and a 
portion where the recording pit was not formed, with respect to a laser beam 
having a wavelength of 780 nm, were determined. The results of the same 
are shown below. It should be noted that the reflectances, light 
absorptances, and light transmittances shown below are values when the 

20 respective intensities of light when entering the information recording 
layers (in the case of the second and third information recording layers, 
light that have passed through the information recording layers located 
closer to the substrate and enters the information recording layers) are 
assumed to be 100%. 

25 [0101] 

The optical characteristics of the first information recording layer 

were: 

in the crystalline portion ' 

reflectance Rci ; 12.2 % 
30 light absorptance Aci ; 25.2 % 

light transmittance Tci ; 62.6 % 
in the amorphous portion ' 

reflectance Rai ; 6.0 % 
light absorptance Aaii 13.6 % 
35 light transmittance Tai ; 80.4 % 

The optical characteristics of the second information recording layer 



were^ 

in the crystalline portion : 

reflectance Rc 2 >' 12.2 % 
light absorptance Ac2 I 25.2 % 
5 light transmittance Tc2 ! 62.6 

in the amorphous portion - 

reflectance Ra2 I 6.0 % 
light absorptance Aa2J 13.6 % 
light transmittance Ta2 I 80.4 % 
10 The optical characteristics of the third information recording layer 

were : 

in the crystalline portion 

reflectance Rc3 ; 37 A % 
light absorptance Ac3 I 60.9 % 
15 in the amorphous portion: 

reflectance Ra3 \ 13.0 % 
light absorptance Ta3^ 78.8 % 
Thus, in the multilayered optical disk, the first and second 
information recording layers had high light transmittances. Therefore, it is 
20 possible to allow light having passed therethrough to enter the third 

information recording layer with a sufficient intensity. Furthermore, in 
any one of the information recording layers, high reflectances were obtained. 
Besides, a high rate of reflectances was obtained from the crystalline and 
amorphous portions, and this high rate of reflectances allowed recording 
25 pits to be detected accurately. Therefore, excellent recording/reproduction 
characteristics could be obtained. 

[0102] 
Example 3 

A multilayered optical disk formed in the present example is formed 
30 by providing, on a transparent substrate, a recording part composed of a 
first information recording layer, a transparent layer, and a second 
information recording layer, and further providing a protective film on the 
recording part. The first information recording layer is composed of three 
films that are a first dielectric protective film, a first phase changing 
35 material film, and a second dielectric protective film. The second 

information recording layer is composed of four layers that are a third 



dielectric protective film, a second phase changing material film, a third 
dielectric protective film, and a reflection film. In the multilayered optical 
disk, information signals are recorded in the write-once form in the first 
information recording layer, while information signals are recorded in the 
rewritable form in the second inf ormation recording layer. A multilayered 
optical disk thus configured was produced in the following manner. 
[0103] 

A polycarbonate substrate on whose disk surface a groove (guide 
groove) was formed was prepared. 
[0104] 

Then, on the surface of the polycarbonate substrate, the first 
dielectric protective film made of a ZnS-Si02 mixture, the first phase 
changing material film made of an Ge2Sb2Te3 ternary alloy, and the second 
dielectric protective film made of a ZnS-Si02 mixture were formed 
successively, so that the first information recording layer was formed. 
[0105] 

It should be noted that the thicknesses of layers composing the first 
information recording layer were as follows. 
[0106] 

Thicknesses of the layers composing the second information 
recording layer were: 

the first dielectric protective film : 110 nm 

the first phase changing material film : 20 nm 

the second dielectric protective film ' 160 nm 
Furthermore, the optical constants of the layers composing the first 
information recording layer with respect to a wavelength of 780 nm were as 
follows. 
[0107] 

Optical constants of a phase changing material film (Ge2Sb2Tea) of 
the first information recording layer were^ 
in the crystalline stated 

index of refraction nci ; 5.2 

extinction coefficient kci ; 3.97 
in the amorphous stated 

index of refraction nai I 4.4 

extinction coefficient kai ; 1.45 



Therefore, the following was satisfied. 

l/5 (nci/nai) + (kci/kai) = 3.0 (< 10) 
(nci/nai) + l/5-(kci/kai) = 1.7 (< 10) 

[0108] 

Next, the transparent layer having patterns of projections and 
recesses was formed by the photopolymer (2P) method on the first 
information recording layer thus formed. It should be noted that the 
transparent layer had a thickness of 100 |jm. 
[0109] 

Subsequently, on the transparent layer, the third dielectric 
protective film made of a ZnSSiC>2 mixture, the second phase changing 
material film made of a Ge2Sb2Tes ternary alloy, the fourth dielectric 
protective film made of a ZnSSiC>2 mixture, and the reflection film made of 
Al were formed successively, so that the second information recording layer 
was formed. 
[0110] 

It should be noted that the thicknesses of layers composing the 
second information recording layer were as follows. 
[0111] 

Thicknesses of the layers composing the second information 
recording layer were: 

the third dielectric protective film : 130 nm 
the second phase changing material film : 18 nm 
the fourth dielectric protective film : 14 nm 
the reflection film ; 150 nm 

Furthermore, the optical constants of the layers composing the 
second information recording layer with respect to a wavelength of 780 nm 
were as follows. 
[0112] 

Optical constants of a phase changing material film (Ge2Sb2Tes) of 
the second information recording layer were : 
in the crystalline stated 

index of refraction nc2 I 5.2 

extinction coefficient kc2 i 3.97 
in the amorphous stated 

index of refraction na2 \ 4.4 



extinction coefficient ka2 '> 1.45 
Therefore, (nc2/na2) + (kc2/ka2) = 3.9 (< 4) was satisfied. 
[0113] 

Finally, by providing an ultraviolet-hardening resin on the second 
5 information recording layer by spin-coating, the protective film with a 
thickness of 7 jam was formed. Thus, the multilayered optical disk was 
produced. 
[0114] 

An initializing operation was applied to the multilayered optical disk 
10 thus formed, using the same optical system used in Example 1, and 

thereafter, recording pits were formed. Then, recording pits were formed 
with respect to each of the phase changing material films thus formed, and 
optical characteristics of a portion where the recording pit was formed and a 
portion where the recording pit was not formed, with respect to a laser beam 
15 having a wavelength of 780 nm, were determined. The results of the same 
are shown below. It should be noted that the reflectances, light 
absorptances, and fight transmittances shown below are values when the 
respective intensities of light when entering the information recording 
layers (in the case of the second information recording layer, fight that have 
20 passed through the first information recording layer and enters the 
information recording layers) are assumed to be 100%. 
[0115] 

The optical characteristics of the first information recording layer 

were^ 

25 in the crystalline portion: 

reflectance Rci ; 26.5 % 
light absorptance Aci ; 59.3 % 
light transmittance Tci ; 14.0 % 
in the amorphous portion: 
30 reflectance Rai ; 6.7 % 

light absorptance AaiJ 50.0 % 
light transmittance Tai ; 42.4 % 
The optical characteristics of the second information recording layer 

were: 

35 in the crystalline portion 

reflectance Rc2 I 26 A % 



light absorptance AC2 I 68.9 % 
in the amorphous portion: 

reflectance Ra2 I 10.6 % 
light absorptance A&2, 72 A % 
Thus, in the multilayered optical disk, the first information 
recording layer had a too small light transmittance. Therefore, it is 
impossible to allow light having passed through the first information 
recording layer to enter the second information recording layer with a 
sufficient intensity. Additionally, since the second information recording 
layer has a small reflectance, a sufficient reproduction signal amplitude 
cannot be obtained from the second information recording layer. 
[0116] 

It should be noted that from the results of experiments with respect 
to other samples, it has been confirmed that to obtain a sufficient signal 
amplitude from the second information recording layer, it is necessary that 
the first information recording layer should have a light transmittance of 
not less than 40 % in both of the crystalline portion and in the amorphous 
portion, and it is necessary that the second information recording layer 
should have a reflectance of not less than 30 %. 
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[0 0 4 4 ] ffif«E«»t?o**#tt^f|HfieiWtt 

k si*!* £ -r * i t -c mm&»m <n z ti *> * m 

[0 0 4 5 ] Wxtf, «8E-fk»»«*JiTd»<b!fe*atp 
(»10W#fiWR) ti. **«T»»*KJ: 

[0 0 4 6 ] 4fc. »S<M**Mi. Hftujfci4:ftLfc:< 

^it^o CO*2 0»**««l»^iRatd*»v»«. *B 

[0 0 4 7 ] >f B*I±I&]±+ 

**** ««M»K»:^*l»l, S««K<k»fl-«** 

[0 0 4 8 ] £OJ: 3 *&<0S«*WjL*jt«>fcli, * 
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[00491 i-fc*>t>. B»a<a£±nfc4*tiM&efi 

R#R*K(t*J:}fcL-Cfc&v» 0 ft 2 OSttftftflUft 

it) o 

[0 0 5 0 ] fciJ, *±Btt^«»E«Bt-li. &JR 
i7t:irt^ 0 £©ft3©B*#»KRfc LTJfcR 

ifc, E»«J&**±JBfcfc&iW»E»JB-<Ni, ft2<?>l£ 

[0 0 5 1 ] *>*>*A,. #3 ^B«#«RR*ttltr 
fc, ffi<aBB#«RR. *2^B«#«RRfc LT» 

[0 0 5 2 ] B«#ffRR«>*mfc LTI4. U--9»*« 

<, A l S i *0**#5c*OBfl:», 8Kb 

», «Kb«K WitfZnS-S i 0»S^##3& f *irc, 
*i£o fcis. JftOttft«i**M»+*«#«cli. Al, 

Lv> 0 

[0 0 5 3 1 AKKttRj: LT 14. A U D y . A u . 
A sr. BiSe,^ ZtihhT i . C r 

[0 0 5 4 ] ttz, if«E»B^Jfttt*M£fc«t. »*fb 
^SMf^i **Mb#»R«!)R 

[0055] f»aia»»-c^«*ifi«, &±.<D£ o 
[oo5 6] wxif, Ea«4 ( 2Bcoi&«EfiB* ob 
i oB&Kf%KR. ffiSE^ba-fl-iaaofft 2 o>b««:»b 

RJ:&fc!K 2JBio«*E«JB36*, ft 1 <7>B&fMftS 
R. «*<fbW»R. *2<o8S#«8«a^*E»R 

[0 0 5 7 ] ft 1 OflMftEfiBORffBA 
ft 1 OD«#ftRR : 1 0 0 n mtll 2 0 0 n mAUT 
««ft#fl-R : 1 0 n mU±. 3 0 n ra&T 
ft 2 <?)B«#&HR : 1 0 0 n mJ£l± 2 0 0 n mWT 
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ft 2 O{*ftEfiB<0RJ?ftj£ 

ft 1 ?>mn&&mm : 8 0 n mJtU± 2 0 0 n ml^T 
SKfbttfl-R : 1 0 nmUl±3 0 nmftT 
ft 2 oe«#fiM : 1 0 n m J£l± 3 0am 

[ 0 0 5 8 ] Bifcx^BJBt-faSrfrfcli, JKRKR 

^«a£fb*ffl-RA#*»a«fflcsisE«$-* (ton 

<b) , Z<D&&ft1Rb*Ztitzm*mm&lz&a>&ftWt 

[0 0 5 9] aEffl^-f »4, i^l it- 

«J»fb*tTofc|fcKE«fcr* h«r»JS-t"& £l\zLXi> 
BL^tf. *J*Hb*-ffc, *fl««!B«>R*J5JRfl«jKttfl 

20 S fcv»ort:*!jft36**&o 

[0 0 6 0] C<olBBOffi«E»*±K»4, 

So 

[0 0 6 1 ] C0 2li«)«*E8i, £<bfcl*2Jli 
J: *5 *±Ji<!0««E«H-C(iffiK<b*ffl-*fflv»T *> . - 
O«c0#»«:E»#«-t LTJB^Tfc^-f Ji^o 

[0 0 6 2] 4*3. ««E«BH±«5M^ft$^J6a 
*E/i»4. «aE«BI^±***«Jtc5Mai-taa«=S:*fc 

30 & 0 JU£fcjKI43 0 a n^Jittii^Wi Lv> 0 3 

wsos$A f *iiiia?5t, ft i *>ffif«E«s*»fe 

^Kftf*t. *2O(S«E«»30^OKit***+53-H^ 
40 ^ix^o 

[0 0 6 3] 2J|B<9lffttEI»B. S&KI4 2BBOJ: 
0 *>±^<0^Eli^T l ffiv^E^«-|4-i: LTIi. 

[0 0 6 4 ] i&EJB**vM*#§«;l^teffl© 
W*E«JB"Ctt. 4l^<b*t^. *±R-«#^JK^** 
B 9 B S^R^^^fiS^E^^^)SvMi^fe^*t^^E 

50 [0 0 6 5]**:. S£#JB«0««E«»li, 



13 

[ 0 0 6 6 ] &±<D£ o 4^*7* 4 A?lZtttZ>i8& 
*>*t£o 443. Cli-Cti. ffiraiB«JBA*3ll^JS$tlfc 

# s * f >f * * ^ o is mn £ * « k l r si + * o 

[ 0 0 6 7 ] £«0#**»i* 5£ilS3 1 
■9* (M7 80nm) > 3'J>-^U>X32, 1X4 
«ft*3 3&tm&!U>X3 4 <£ »> 4*HR#*3 5 fc, 
*56^>X3 6, V > K'J */i/U>X3 h 
^*-K38i *) 4*7 * 3 9l:J:o 

0 14. »fS5 HH*, CO***©»%U>-3C3 4 fc» 

[0068] Z<7)£o 4**#-Cli, 5tiE 3 1 *<bffi» 
Lfc U-*f*L 14, 3'J>-^l/VX32tianc 

1, 1/4IM3 3. M^U>^3 4 *»«U 
^^BilCfef- h 4 2 *o — 

x*ffi*&Rlt3*L;fcK»*l4> »t) r Jt»V^X3 4, 
1/4«S«3 2 «r«S§U tf»A^y , J7^4 li:A 
«"+*o tf-A^ 7"J v 5 4 1 Lfcftti, 7*- 

#^-^-^3 9U£tt$;fc, MV>X3 6, v>; > 
K'J *^^>X3 7 §:It7* f ^-T:*- K3 8 "CS* 
£tU *»&MfttiQ**i&o -05fe5iJ^<^^mi4. 
U>X3 4**«*fi (HI*. A*|6J) KM&BJ*-*-* 

^15^/1 5 2. 5 3. 5 4 fcl'-V*****"*-* 
#»1/>X3 4#fM»J*ft$*L* 0 
[0 0 6 9 ] 

[oo7o] Mmm i 

**ttW^ffjKLfe#«*7*^-X^«)flljS*H4 

[ 0 0 7 1 ] cco^JBjfcT'-f S^lii:, 
* 1 ^teSfdSJf 2 . ^J£J1 31t>^2 OlWfESI 4 

JR 8 Xa** 2 0«%#«HJR 9<03i(;J:o Xffitfu 3 
ft. £5 2 (^{ffffiEfiS 4 14. S3 <0%&#filKJR 1 0 . 
m 2 Offi*ft«-»JR IK ^4 OBSftffiHR 1 2 £tf 

3<0 4fflK*oTfl*JS3*.-Cv** o 
rV*^-Cl4. IK 1 OfllSEfiJI 2 . H2(9MeM 

4u. v^r*v<,*s»xpriBffii: Lr«ae*oESik^ 

[0 0 7 2 ] tr, T4 x*m\z7fc—f 1 
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[0 0 7 3 ] fit, COsK'J 
Jl'-r lOTKdEStLfcffiK:, ZnS-S iOj^fti 

^-SSSl^Sft-fkttftKsatrz a S-S i 0,t££"fc 
<fc 4&&-#2<Z>««ttfi&8Jg9 *Jffl^«aF3Kft+ £ £ £ 

1 <nffi^a.$$iM 2 %J&&Lti 0 
[0 0 7 4 ] 443, «10ffitEaJI$*St«»#S© 

[0 0 7 5 ] » 1 0ttft£tt8aKfltflt]£ 
ID m 1 OilMil : 1 3 0 n m 
m 1 0«K-fk#ftlR : 2 0 n m 
0 2 cOlfm^ffc^^ : lOOnm 

4*:, mi OW«fMf*HR©ffi£ 7 8 0 n mK4m** 
¥£&f4#;0&»)T-£>* 0 
[0 0 7 6 ] JrU ^iSffl£«JB<0**ft#»« ( S b , 
Se,) 0*M8 

: 

H#T^n c i ; 4 . 4 5 
JBSE«»k c t ; 0. 8 2 
20 *AKttJm : 

JB»*n a, ; 3. 9 6 
m^&BLk ai ; 0. 3 8 

Lfcj^oT, 1/5 (nd/nai) +kci/kai = 
2. 4 (<1 0) , nci/nai+1/5 (kci/k 
a L ) = 1 . 6 (<1 0) t*4 0 

[0 0 7 7 ] ^C, COJ: 9 K LXM&Ztitzm 1 Otit 
iiegf±i:> 7* (2 P) ttK JioTEDdl 

Jl 3<DJg$ 14 100u m-C*-i> 0 
30 [0 0 7 8 ] ttv^T, i^a««3±i:, Z n S-S i 
0«ia-fr#J:9«:*»3O»«#«*Kl 0, Ge,Sb 

S-S i 0 2 tS^-#<t 9 4&^4^R«ffftflyKl 2, 
A 1 X O^illfll 3^IMfMti-t-C^2 
<^<W«ES^4 SrJgftL^o 
[0079] 443. ^2 CDffiffiE^/i 4 *m&*t2>&m 

[0080] %>2 commm&m <ommm^ 

m 3 V&mbVILmtiSk : 1 3 0 a m 
40 »2 0««fttf»R: 2 2 am 
* 4 <om m#l£-gJ& : 12am 
&4il£ : 15 0am 

4^:, »20*«ft#»JROffi* 7 8 0 nmU43J4S* 
*5feS»»4^oa»)-C**o 
[0 0 8 1 ] »2C5flSaE«»^»»b*f»JBt (Ge 2 
S b 2 T e.) O^^S 

S^f^n c i ; 5 . 2 
?BK#&k c; 3. 9 7 
50 &&KVtm : 
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B$T& n a 2 ; 4 . 4 
W««»k a 2 ; 1 - 4 5 

L£d*oT, (ncj/na,) + (kc,/ka,) = 
3. 9 (£4. 0) r&£ 0 

[0 0 8 2 ] f LT, :<0l2OMEilJ: 
[0 0 8 3 ] tt±OJ:9KLTft#3ftfc#«#f'-f * 

*-cii, +i^ft:^J^^B B aMft^T^$arv^<7) 

ftftttfflfcLTt («ffl-ft) o ^LT, £0*JJ(Hfc3*t*: 
7 8 0 nmOU-^3ftfc#+&#¥«tefrW^fc 0 

f KTv»4^«»t li»flttffl*c«#$ *it</> 20 

[0 0 8 4 ] ea3C*+**A*:ffl^TSa5c$il3t»l 

wmmmmm. »2ofs*E«»^5fe*#tt*mT«c* 

SUAWLfc*) <t>5£J££ 1 0 0 96 £ Ltzb &<om-C& 

[0 0 8 5] mi <omms>»m<o±&*m 
SSSP : 30 

R»*R dl 12. 2% 
jfcRJRspA c x ; 2 5. 2 % 
:fcS&^T Cl ; 62. 6 % 
: 

R»*R 6. 0 % 
*5RJR*A ai ; 1 3 . 6 % 
*»«*T a x ; 8 0. 4 % 
* 2 <0««Bfi«Ojfc*«tt 

: 

R&f^R c 2 ; 29. 7% 40 
TfrSJR^A c 2 ; 66. 6 % 

ifc&figB : 

a 2 ; 5. 7% 
*RflU£A a 2 ; 7 8. 6 % 

E««*«iaLT»2owaE««u+^*a*-c** 

2 0tit«E»JB<BV*-f*U::ii^-Cfc, Wv»R#2pa*»e> 
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[oo86] j^L±<o^g-cii. m i owaeajistr* 2 

*l<33«»BSB*ri&Effl, *2 0«gE8S*:ti* 
«v**««E»BTI4, SRfWmjRftfl:*, -_§., 40 

[0 0 8 7 ] j£53flJ2 
-To i^iif'f X? ti, 1 4±U, ^ 1 co 

^«eas 1 5 , smm 16, §2 ommzmm 1 7 , 
18,03 <?>{ff&ES/i 1 9 x 0 ^^Ei^4 3 

3ft*B*$^. Sfclcc^EfifiM 3 JiK«MR2 0d*Jg 

rt$*iT«jS ±iei 1 oM£fii 1 5 \t 

0 1 (9tt«*fiaR 2 u » 1 »jr 22,0 
2 (ommi^umm 2 3 <*> 3 jb ic 4 ^ ris $ *u & 2 ^ 

1t«E»JB 1 7 filS 3 $>»«tt«WR 2 4 , IS 2 <G*B^ 
*fc*t*HR 25, i4 OKmfrRSK 2 6c03lCJ:ot 
»jS3JtTv**o »3 0fllMfifll 9 14, & 5 

<0»«#«MR 27, ^3 $>«SSfb*t#HR 2 8, % 6 co 
9£tmi*jBI3 0O4it:J:oTM$ 
K-Cv^ 0 £tfD#JB*f f ***TMi, SSlOtiiaESJI 

is, #2 <r>mm?Mm 1 7 Tkvm 3 <?>fi?mEflt« 1 9 

#§»iW»^fc L-Cffl«*-^OE«A«tT^*L*o 
; i ^ ^r«^#l^f ^ ^ WTO i 9 KLXft 

[0 0 8 8 ] If, f*-< (*F*I») 1 

4 a^jfiSftjfcaK'J *-sK*- 4 *Jfl«L 

[0 0 8 9] fit, iOiK'J*-#*-hS«140 
^JU-r 1 4 aOTBSSSiifcWt;:, ZnS-Si0 2 l 
HJ:5fti»10S!W«WIR2U Sb,S e,r% 
^&4 9 fc£>2& 1 *>**ffc#fl«2 2 SlC^Z n S - S i 
0,«-fr#J: 9ft*»2©B«*«M2 3 

fc-c* 1 <9{94REf£Ue 1 5*^L^ 0 

[0 0 9 0] 4*3, » 1 WiflieSil 1 5 
JBOJRJItli^cOii ») -C** 0 

[oo9i] mi o{n«EfluiojR«*a 

« 1 0»«#«IJR : 1 "3 0 n m 
m 1 0««E«*t»flE : 2 0 n m 
^ 2 OR«#«HR : 1 0 0 n m 
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ttz^ mi WftSMMffi-R^ffltft 7 8 0 n m&C&lt&Tfc 

[0 0 9 2 ] «10W«e<iJ|^«ftfl:tttt-K (Sb, 
S e>) 



H*f*n c i : 4 . 4 5 
MSEff&k c» ; 0. 8 2 

JStfr^n ax ; 3 . 9 6 

**«»k a i ; 0. 3 8 ID 
L^oT, 1/5 (nci/nai) + (kci/k 
ai) =2. 4 (£10) , (nci/aaj +1/5 

(kci/kai) =1. 6 (£10) 

[0 0 9 3 ] ^K, Z<?>X J >tZLXl&&2tltzmi4)m 
«E»B±»:, (2P) ftKJioTIHfl 

'**->*m-r 1 6 fcJgjSLfco **3, 
^^<^l?$li 1 0 0 u mT*^o 

[0 0 9 4 ] fit, 1 6±C, 1 60 

timies/i i 5 1 m#<z>ttft. mmm&xm 2 ^reaie 
mm 1 7 zM&Ltzo 20 

[ 0 0 9 5] 3&v>T, 7* h 7-ttKJ: oTOCi^ 

$ fcK^oaMIJB 1 8±K, ZnS-SiCI^i 
*)%&m5 27. G e , S b 2 T e , =7U 

D*a»3 0*fCib*f»K2 8, ZnS-SiO 
0 &£«6^R%#«ffiBI2 9, A I <fc *? & 
*E»R3 0 t"C*3 <Offlf*gBS 

S 1 9 £^&L*:o 

[0 0 9 61 m3(omnmmm 1 9 

Jl<aRffl*#c?>iI>? -c$>h 0 30 
[0 0 9 7 ] ^3 ofiraefisoRVfli a 

m 5 OR«#»fllR : 2 0 0 n m 
m3<Dft&im&m: 2 4 nm 
# 6 0)R£#4iMIR : 3 0 n m 
KttR : 1 5 0 n m 

ifc. #3^»*flS#*W^tttS7 8 0 nmK*m&* 

[0 0 9 8 ] «3 0W«fB«JiOffidbttfl-R (G e> 

S biT e.) tf>5£^S£& 

ttftttlB : 40 

IB*f*n c , ; 5 . 2 
7t^#&k c, ; 3. 9 7 

#&CRffl : 

JSiff^ n a 1 : 4 . 4 
ffi£Ettftk a, ; 1 . 4 5 

LfcA'oT, (nc 3 /na») + (kc/ka.) = 
3 . 9 (£ 4 . 0 ) T^^o 

[ 0 0 9 9 1 fir, ^7&k. :©*3oM£flai 
9±K. *tt»SMt«jffi*x bf>a- bi-^c: t-eR/S 
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[oioo] :oj:^LrM??i^l*7'^^ 

iESJl£A#l*:* (»2^)«»E«J1, #3<0fliaE 
St® f 9 fc»«flfc**fliaE»JB*«ift 

ir, SR«aEsa«^A*nfc*) <o£!&£i 00% 
[0101] » 1 o«aE«»<35**#tt 

SW?R Ci ; 1 2. 2 % 
*«1R*A dl 25. 2% 
TfcSSfi^T ci ; 6 2 . 6 % 

: 

KM^R ai ; 6. 0% 

A ai; 13. 6 96 
TfeSii^T a L ; 8 0 . 4 96 

m 2 ^waia«»o**#tt 



Rtt^R ca ; 1 2. 2 96 
5fcMU£A c, ; 2 5. 2 % 
*a»*A a 2 ; 6 2. 6 96 

: 

E&t^R a 2 ; 6. 0 % * 
*«MX2pA a 2 ; 1 3 . 6 96 
ItftmmT a, ; 8 0. 4 96 

# 3 ©was** 



Rtt*R c,;37, 4 % 
*©tR^A c,; 6 0 . 9 96 

E&f^R a,; 13. 0 % 
#«M**T a,; 78. 8 % 

JB« *2<o«aE«Jl-c»v>*affl*36*»f3KTi5f), 

«»0£»#Jfca«*&^o-C\ c<z>Klt2tUfcfcJ:oTE 

[0102] j|«W3 
1 <&fflfaE»Ji, XWJiXCFff 2 Ofi¥aSA/l J: 0 4 
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1 OttStt&BJBl* £5 1 Offia-ffcttRKX^ 2 OS1 
#ff««*0 3JiUJ:oT«jat$K. ft 2 O 

ho c^ijtf^^-cit # i aflMKeesicfie 
ffli: trwa#-§-^Ka**ff*>it. si 2 o 

fco ' 10 

[0 10 4] f IT, COiSJLi:, ZnS-S i O, 
OR*#«Ma, GejSbjTe, 
Htg^&J: 9 * S * 1 ZnS-SiO 

[0 10 5] 4*$, »l«ISHlSftB**StS*«W 

[0106] ^2 o^ttieftsoRjawjfi 20 

» 1 <08M£#«RR : 1 1 0 n m. 
m 1 <0«SEfMif*HR : 2 0 n m 
» 2 : 1 6 0 n m 

[0107] mi 0Utmz»m<DW«.it#&m ( g e , 

SbzTe,) 
JS*r*n cx ; 5. 2 

ffif5E«ak ci ; 3 . 9 7 30 
: 

/g#T^n ax ; 4 . 4 
maS«Sk at ; 1 . 4 5 

Lfc* f ot, 1/5 (nci/nax) + (kci/k 
aj =3. 0 (^10) , (nci/nai) +1/5 
(kci/kai) =1. 7 (ilO) T^^o 
[0 10 8] £ ooJ: -5 K LTJBjfiS *LfciR 1 coiW 

1 0 0 w m-C**« 40 
[0 10 9] ^T, £029!Jl±lc, Z n S-S i 0 

Ztc^&J: £ % ^ 2 0#SMb*mfflL Z n S - S i O 

[Olio] J&2©time«H*Wj«V*#Ji<0 

[0 111] *2^MEM<ORiflA 

3£ 3 (7)^^>ft:^^J^ : 1 3 0 n m 50 
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#2<0«fMt*r*HR : 1 8 nm 
»4<0B«#«afil: 1 4 nm 
Attn : 15 0am 

Mft*fc#»R*>«£7 8 0 n m^iolt£7^5E& 

[0 112] «2<0{S«£fiJBO«^ktl > M (Ge, 
S b* 2 T-e,) ^>**S6a 
«AK3R : 

MVf^n c 2 ; 5 . 2 
M««ftk c 2 ; 3. 9 7 
^b b b @^S§ : 

/f§#?^ n a 2 ; 4 . 4 
^I#tk a 2 ; 1 . 4 5 

L3fcri*o"C\ (nci/na,) + (kcj/kaj = 
3. 9 (£4. 0) t*^> 0 

[0 113] f LT, Mi:, £<7>*2 0ffiHM5«iB± 
[0 1 1 4 ] Z<OX i tz LTffcflS$*lJfcgHB*7 , 'f X* 

flMMBSS*»3BLT, #2 0til«SE»JBfcA# L*: 
*) ?>$iiJ&£ 100%tt7tt ^co^g-C^^o 
[0 1151 fl^MEii^ft 

&lfs$R Cl ; 2 6. 5 % 
*Ktt*A ci ; 5 9. 3 % 
Tfc&i&^T ci ; 1 4 . 0% 
^AKS : 

E«-*R 3! ; 6 . 7 % 
5fc®Jfc*£A ai ; 50. 0 % 
Tfc^ii^T ai ; 4 2 . 4 % 

ft 2 iott«BMoX¥tttt 

: 

ESf^R c 2 ; 2 6. 4 % 
*fla*R*A c, ; 6 8 . 9 % 

#AKff : 

jRlfspR a, ; 1 0 . 6 % 
#fflMX*A a,; 72. 4 % 

o»ag5-c«!>*aa*^/hSjar, «2«>{tffR£§iA2 

afi>, »2^W«LI5»JB*^li+»fl:f9fe«*ffi«**»c> 
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[0 1161 £OteOttf*3S»0|§*a»ib fe. 35 

2^tiiSE»Jia*&+*4**««*»£Kttv *l<7) 
««E«»«0*SiMstt*Sfitt, 4 0% 

[01171 

W*«JiK\ 2*&±Offi«EfflUB36*«WS**hL'r» ID 

[0 1181 COiV^^f^^^li, ffiftEflfc 

E»»ffi*fMBttfclRl±3*&£ fc**-CSa 0 

[0 1191 £ fc, aw*«1Bl*^^3Qr< t *> 1 B § <£> 
«*E««36MS*ft#ft*E«*f»fc LTi/^OT, 2 
A B^±OW«E»»^+»«a[*TU-1f**^*f+ 20 
*fcCO«»E»Ji3ft^WR»364r+5J-* 



#BB¥9 - 1 9 8 7 0 9 
22 

«*E«JB-c«i«offt©cfc, 2JBB&±.0>f**E«Jf * 
[II® oft* 

[gill «M*n Ci/naifcU SS#£k Ci/k ai 
t LT, #tt»SE<b#»On ci. nai. kc„ ka x 

[12] «3tf£n c/na.tL i^^kc/ka, 
tLT, #t««ft#»Onci. na,. kc. ka, 

[93] ^mitr* ^^«>**#ttofl!ijejcfflv^5ft* 

[E9 4] *ft9i£SJfl L X?<9 l*8j£M£ 

1,14 

2 . 4, 5, 15. 17, 43 
3, 16. 18 
5.43 ESigiS 



[gill 



[B2] 



t noi/nei J+1/5C koi/kai ) = 10 
50 




50 



10 20 30 

noi /n oi 



40 



50 



•:Ge2Sb2Te5(685nn) 
▲:3o2Sb2T«5<780nn) 




20 

nC2/ni2 



30 4(F 50 
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